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DRIVE CIRCUIT FOR USE WITH
TRANSMISSIVE SCATTERED LIQUID
CRYSTAL DISPLAY DEVICE

RELATED APPLICATION

Thus 1s a division of applicatien Ser. No. 08/047,654 filed
in Apr. 13, 1993, now abandoned.

" FIELD OF THE INVENTION

The present invention relates to a modification of a drive
circuit for use with a transmissive scattered liquid crystal
display device. | |

BACKGROUND OF THE INVENTION

Since a transmissive scattered liquid crystél (also termed
a polymer scattered liquid crystal) does not include a deflec-

~ tion plate, the transmittance thereof is high when it displays
- data. Thus, the transmissive scatiered hqmd crystal 18 very
- suitable for an apphcatlon which reqmres a high transmit-
- tance. However, when a DC voltage is applied to a trans-
. mmssive scattered liquid crystal, an electrolysis takes place,
. thereby reducing the life of the liquid crystal. Therefore,
~ when the liquid crystal is driven, an AC voltage shﬂuld be
~ applied.
- Known drive methods for transmissive scattered liquid
- crystal display devices include a static drive method and a
- multiplex drive method. In the static drive method, one end
- of an electrode of each pixel is connected to one common
- line so as to switch the other end thereof. In the multiplex
. dnve method, which uses two or more common electrodes,
~each common eclectrode is selected and driven on a time
. division basis. FIG. 1 shows a conceptional schematic
- diagram of the static drive method. FIG. 2 shows a concep-

tional schematic diagram of the multiplex drive method.
FI1G. 3 shows a circuit diagram of the static drive method

' for one pixel 1 of a liquid crystal display device. FIG. 4

shows a drive waveform dlagram for the circuit of FIG. 3.

- An exclusive OR gate 2 is used as the drive circuit for the
- pixel 1 of the liquid crystal display device. When a square
. shaped AC voltage V_ is applied to one electrode C of the
- pixel 1 of the liquid crystal display device and to one input

- of the exclusive OR gate 2 while an ON portion of the
- ON/OFF signal V. 18 being applied to another input of the
~exclusive OR gate 2 an inverted voltage Vg, wherein the

plus and minus of the square shaped voltage V.. is inverted

R . by the exclusive OR gate 2, is applied to the other electrode

5. Thus, a liquid crystal applying voltage (V ~V ) is applied

o - between the electrodes C and S of the pixel 1, and thereby

data appears on the pixel. In contrast, when the ON/QFF

~ signal V. 18 turned off, the voltage applied to the pixel 1 of

- the liquid crystal display device becomes zero, and thereby
~ the data on pixel 1 disappears. While a single common
_¢electrode can be connected to each pixel, this circuit con-

~ figuration requires a number of exclusive OR gates 2 cor-

- responding to the number of pixels in order to be able to

apply a control signal to each pixel of the liquid crystal

o ~ display device.

Although the multiplex drive method requires a plurality

. of common electrodes, it can drive the liquid crystal display

device with a lesser number of data electrodes (i.e., number

~of all pixels/number of common electrodes) than that of the
- static drive method. Thus, the multiplex drive method is
~ suitable for driving a liquid crystal display device with a
- large arca and a large number of pixels. However, when the
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liquid crystal display device is driven in the multiplex drive
method, an AC voltage should be applied as in the static
drive method in order to avoid reducing the life of the liquid
crystal display device. Thus, the plus and minus of a drive
voltage for the liquid crystal according to the multiplex drive
method should be changed as shown in FIG. 5. | |

FIG. 6 shows a method for applying voltages to pixels of
a liquid crystal with first and second common electrodes C,
and C, and first, second, and third data electrodes D,, D,,

and D,. FIG. 7 shows waveforms of voltages applied to
these pixels. In FIG. 6, pixels G,, G,, and G, denoted by
solid black dots are non-display or unlit pixels, whereas

pixels G;, Gs, and G, denoted by white dots are display or
1it pixels.

The drive voliages of the transmissive scattered liquid
crystal display devices according to the static drive method
and the multiplex drive method are high. For example, these
liquid crystal display devices nmormally require a drive
voltage as high as 40 V as effective values. Thus, the drive
voltage according to the static drive method is higher than
the withstand voltage of a dedicated integrated circuit (IC)

- which performs a static drive. Therefore, discrete devices

such as power transistors and Triac devices have been used
to provide a number of drive circuits corresponding to the

‘number of pixels. For example, when a liquid crystal display

panel of 24 dots by 24 dots is driven according to the static
drive method, 576 drive circuits should be formed in order
o separately drive the 576 pixels. |

On the other hand, a drive voltage of around 40 V is
required for operations according to the multiplex drive
method. This drive voltage is higher than the withstand
voltage of a dedicated IC which drives a conventional TN -
(Twisted Nematic) type liquid crystal display device accord-
ing to the multiplex drive method. Thus, as in the static drive
method, a number of circuits corresponding to the number of
pixels have been formed with discrete devices such as power
transistors and Triac devices. For example, to drive a liquid
crystal display panel having 72 dots by 36 dots according to
the multiplex drive method by using two common elec-
trodes, 1296 drive circuits corresponding to 2592 pixels -
(because 72x36/2=1296) shouid be formed.

In both the static drive method and the multiplex drive
method, a large number of parts are required when the drive

circuits are formed of discrete devices. Accordingly, the
following problems result:

A very large space is required.
The reliability of the drive circuits is degraded. In par-

ticular, power devices adversely affect the drive cir-

cmts

When a defect occurs, troubleshontmg and!or mainte-

nance takes a long time.

If the drive circuits were to be formed as part of an IC, the
number of parts could be remarkably reduced. However,
since the drive voltage of the transmissive scattered liquid
crystal display devwe is high, it cannot be driven by a
dedicated IC.

Japanese Published Unexamined Patent. Apphcatmn (A)

 4-325284 and Japanese Published Unexamined Patent

Application (A) 5-42379, assigned to the assignee of the
present application, disclose a technique for using a trans-
missive scattered liquid crystal display device as a mask of
a laser marker. In addition, the inventors of the present
invention are developing a technique for driving such a
liquid crystal according to the multiplex drive method.
Before data is written on a liquid crystal display device,

the liquid crystal display device should be satisfactorily



- hiquid crystal display device by using ICs which were
- developed for other than transmissive scattered liquid crystal

.drscharged 0therw1se resrdual portlons of a previously

- produced image may remain on the display, thus degrading
~ the marking quality. Therefore, in developing a technique
. for driving a liquid crystal display device according to the -
~ multiplex drive method, COUNtermeasures. for preventlng a
~ residual image should be taken. B |
- An example of such a residual i 1mage protectton techmque 8

o 55532,712 L

- _scattered 11qu1d crystal d15play dev1ce Moreover since thrs'

- IC was designed for driving an EL display device, it contains

a logic device which can function as an AND circuit for

- performing the blanking control. Thus, this EL drive IC is

is disclosed in Japanese Published Unexamined Patent
Application (A) 1-134497. According to this technique,

~when an i image on the'hqtud crystal drs'play device is to be

changed, a voltage in a non-display level is applied to an
~electrode of each pixel just before a voltage supply route to
. both electrodes of each pixel is shut off. o

In recent years, the need for high speed prrntmg wrth a

| laser marker has become strong. The inventors of the present

invention applied the technique disclosed in Japanese Pub-
lished Unexamined Patent Application (A) 1-134497 to the -
laser marker that they are developing. As an experimental
~result, when the printing speed was low, an effect was -
20

- confirmed. However, when the printing was performed at a

10

~ high speed, a residual image remained. Thus the markmg -

k quahty was degraded - | |
SUMMARY OF THE IN VENTION

A ﬁrst object of the. present 1nvent1on is to provrde a drtve |
| circuit, for use with a transmissive scattered hquid crystal
~ display device according to the static drive method or the -

25

multiplex drive method, which can be formed as part ofan

- IC so as to decrease the number of constructional parts
. thereof, to rernarkably reduce the size thereof, to remarkably -Y
~ improve the rehabﬂlty of the drive circuits, and to reduce

'_mamtenance time required hy the occurrence of a defect.

A second object of the present invention is to provrde a"
- drive circuit, for use with a transmissive scattered liquid
crystal display device, wh1ch allows an image to be qulekly 3

- changed without the occurrence of a res1dual image..

30

- However, since control logic signals used for drtvmg the

- EL display device largely differ from those for driving the
. static drive circuit and the multiplex dnve circuit for a liquid -

crystal display device, such control log1c srgnals should be

- newly created.

~ suitable for use as the drive circuit for a liquid crystal dtsplay' o
: .dewce accordmg to the static drwe method. . |

Therefore, in one aspect the present mventmn 18 a dnve |

ClI'Clllt for use with a transmissive scattered liquid crystal_ o

drsplay device havmg a plurality of prxels the drive circuit

. wherein each second gate is connected to a drive logic signal

- '__c1rcu1t for applylng a drive logic signal having a frequency
- which is the same as that at which the 11qu1d crystal display
) device is driven; wheretn each first gate 1s connected toa
~ blanking logic signal circuit for applymg a blankmg desig-
- nation logic signal; wherein the shift register is connected to

‘a display signal circuit for serially sending a display signal

with a logic signal level to the shift register; wherein a data
output of each switching device is connected to a respective

- pixel of the transmissive - scattered hqurd crystal display
. -device; and wherem a common electrode of the transmissive

 scattered liquid crystal display device is connected to a

“To accomphsh the ﬁrst object, the inventors of the present
- invention considered forrmng both a static drive circuit and
amultiplex drive circuit for use with a transmissive scattered

40

- display devices. In other words, to accomplish the drive
circuit, the IC should contain a logic device which functions

" asan exclusive OR circuit so that, with a logic signal applied

45

to the logic device, the plus and minus of a square shaped

o ‘voltage apphed to the liquid crystal dlsplay device should be
~ changed. In addition, the display state and non-display state
- should be changed. Moreover, the withstand voltage of the

output of the IC should be at least as high as 80 V. For the

E _are reset and incremented while no image appears)

nescence (hereinafter referred to as EL) display device.
According to the symmetrical drive method, when an high

- voltage output is turned on, the corresponding pixel does not

- always light. Instead, when the. high voltage output is turned
- off, the pixel may light. To control this operation, a logic =~
~ device which functions as an exclusive OR circuit is-con-

| tarned in the drive IC for the EL display device. .

‘In add1t10n since the drive voltage of the EL ' drsplayf-

50
- static drive circuit, the exclusive OR device should be T

o preceded by a logic device which functions as an AND
~ circuit so as to easily perform blanking control of the liquid
- crystal display device (in the blankmg state, control srgnals.

s
One available IC which has such an function is an. IC_

which was designed to symmetrically drive an electrolumi- “device in a second group of switching devices is connected

- to a respective one of a second group of the plurality of

15 comprising: a shift register; a pluralrty of first gates, each -
" first gate functioning as an AND circuit; a plura_lrty of second
~gates, each second gate functioning as an exclusive OR
. circuit; and a plurality of switching devices, €ach switching
. device having a withstand voltage which 1s higher than any
 logic signal applied thereto; wherein the shift register, the
 plurality of first gates, the plurahty of second gates, and the
plurality of switching devices are formed as part of an IC;

~ voltage applying circuit, the voltage applymg circuit being
“adapted to synchronize with the drive logic signal, thereby
static-driving thc transmlssrve scattered 11qu1d crystal dis-
| -play device. | | | | |

In another aSpect the present 1nvennon isa drrve c1rcu1t- |

for use with a transmissive scattered liquid crystal d15p1ay |
device having a pluralrty of pixels, the drive circuit com-
.jpnsmg a shift register; a plurality of gates for functlonmg-

‘as an-exclusive OR circuit; and a plurallty of switching
“devices, each switching device havmg a withstand voltage
~ which - is higher than any logic slgnal apphed thereto;
‘wherein the shift. reglster the plurality of gates, and the
. plurality of swrtchrng devices are formed as part of an IC;
- wherein each gate is connected to a loglc signal circuit for
- applying alogic signal for designating the plus and minus of
~a voltage applied to the liquid crystal display device;

wherein the shift register is connected to a display signal

circuit for serially sendmg a drsplay s1gnal with a logic
~signal level to the shift regrster wherein a data output of
- each switching devlce in a first group of switching devices
- is..connected to a. respectrve one of a first group of the
_'.-plurahty of plxels of the transmissive scattered liquid crystal
-display device; wherein a data output of each switching

" pixels of the transmissive scattered liquid crystal display

60

65

: | device is normally as high as 80 to 90 V, the output withstand

. voltage of the IC can satlsfactonly dnve a transrmsswe_

device; and wherein a first common electrode of the trans-
issive scattered liquid crystal drsplay device is connected
- to each swrtcmng circuit of the first- group of switching
~circuits, wherein a second common electrode of the trans-
~ missive scattered liquid crystal display device is connected
to each swrtchmg circuit of the second group of switching
~ circuits, thereby rnultlplex-dnvmg the transmlsswe scat-'-

,_: -tered quurd crystal d1splay dev1ce R



- corresponding to a drive command to the cor
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- In the case of the drive circuit according to the static drive
mcthnd the drive logic signal with the frequency at which
Lhe ligquid crystal display device is driven according to the
static drive method is applied to each of the exclusive OR
gates. The blanking logic signal is sent to each of the gates
which function as the AND circuits. The display signal with
- a logic signal level is serially sent to the shift register. It is
not necessary to cause the drive logic signal applied to the
gate which functions as the exclusive OR circuit to synchro-
nizc with other logic signals.

In the case of the drive circuit according to the multiplex
drive method, the logic signals which designate the plus and
minus of the applied voltage and the display state and
non-display state are applied to each of the gates which
function as exclusive OR circuits. The display signal with a
logic signal level is serially sent to the shift register.

- Por both drive methods, since the drive circuits are

formed as part of an IC, the number of constructional parts
can be remarkably reduced. Thus, the apparatus of the final
- product can be compactly formed.

To accomplish the second object, the present invention is
a drive circuit for use with a transmissive scattered liquid
crystal display device having a plurality of pixels, each of
which 1s connected to a common electrode and a data
electrode, the drive circuit being adapted to apply voltages
mon electrode
and the data electrode of selected pixels so as to cause each
selected pixel to light, the drive circuit being adapted to turn

~ off the drive command in a predetermined display switching

time so as to switch the display of each pixel, wherein each
of the common electrodes and each of the data electrodes has
- a switch with a small on-resistance, each switch being
- adapted to discharge electric charges applied on the respec-

 tive one of the common electrodes and the data electrodes in

a predetermined time, each switch being adapted to be
turned on when the drive command is turned off so that the
voltages of the common electrodes and the data electrodes
- become identical, thereby preventing a residual image of the
liquid crystal display device from taking place.

In other words, the number of switches provided corre-
sponds to the total of the number of common electrodes plus

C ~ the number of data electrodes, the switches being adapted to

~ discharge electric charges applied to both electrodes of each

- pixel. Whenever an image on the liquid crystal display
device is changed, the switches are operated and thereby
clectric charges of both electrodes of each pixel are dis-

o - charged so that the voltage of one electrode becomes the

same as that of the other electrode. In addition, the on-

resistance of the switches is so low as to satisfactorily

discharge electric charges in a short display switching time.

Thus, while electric charges are discharged, the time con-

stant becomes low. Even if an image is changed at high

~ speed, no residual image takes place, since electric charges
- are qmckly discharged.

~ BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conceptual schematic diagram showing a static
drive method;

FIG. 2 is a conceptual schematic diagram showing a
multiplex drive method;

FIG. 3 1s a schematic diagram showing a drive circuit
according to the static drive method;

FIG. 4 1s a timing chart of a liquid crystal display device
pixel having the drive circuit of FIG. 3;
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FIG. 5 1s a timing chart of a liquid crystal display device
according to the multiplex drive method;

FIG. 6 is a conceptual schematic diagram showmg the
construction of a liquid crystal dzsplay device according to
the multiplex drive method; |

FIG. 7 1s a schematic diagram showmg the waveforms of
voltages applied to the pixels of FIG. 6;

FIG. 8 is a schematic diagram showing a first embodiment
of the present invention as a drive circuit for the static drive
method;

FIG. 9 1s a schematic diagram showing a second embodi-
ment of the present invention as a drive circuit on a data
signal line side for the multiplex drive method;

FIG. 10 1s a schematic diagram showing a drive circuit on
a common electrode side of FIG. 9;

FIG. 11 is a timing chart showing the operation of the
circuit of FIG. 10: | |

FIG. 12 is a schematic diagram showing a third embodi-
ment of the present invention as a drive circuit for the
multiplex drive method:;

FIG. 13 1s a timing chart showmg the Operatlon of tha
drive circuit of FIG. 12;

FIG. 14 is a conceptual schematic diagram showing the
construction of a liquid crystal display device driven by the
circuit of FIG. 12;

FIG. 15 is a timing chart showing the relation between
voltage changes at the common electrode and the data

electrode of each pixel of FIG. 14 and the operations shown
in FIG. 13;

FIG. 16 is a timing chart showing the relation between
voltage changes across the electrodes of each pixel of FIG.
14 and the operations shown in FIG. 13; and

FIG. 17 is a circuit diagrar showing a fourth embodiment

of the present invention as a drive circuit for the multiplex
drive method. |

DETAILED DESCRIPTION

With reference to FIG. 8, a first embodiment of the present.
invention will be described in terms of the basic construction
of a drive circuit for the static drive method.

In FIG. 8, device 3 is a drive IC which is manufactured by
NEC Corp. with the designation yPD16306. It should be

- noted that the drive IC 3 is not limited to such a device. For
- example, by considering the logic inversion of control.

signals, an IC designed to symmetrically drive an EL display
device can be used. An example of this latter type of IC is
manufactured by Supertechs Corp. with the designation
HVO3. The drive IC 3 comprises a shift register 3a, a latch
3b, a plurality of first gate circuits 2a, a plurality of second
gate circuits 2b, and a plurality of switching devices 7. A first
gate circuit 2a, a second gate circuit 2b and a switching
device 7 provide a drive path for a respective data electrode.
Where the desired number of data electrodes exceeds the
number of drive paths available on the drive IC 3, one or
more additional drive ICs can be provided, with the B
terminal of one drive IC being connected to the A terminal-
of a subsequent drive IC so that the drive ICs function

together as a unified IC havmg the desu'ed number of drive
paths.

In FIG. 8, the PC terminal is connected through an
inverter 3c to a first input of each of the plurality of gate
circuits 2b, with each gate circuit 2b functioning as an
exclusive OR circuit. This PC terminal is also connected to
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a drive loglc signal circuit wh1ch apphes 2 dnve logic signal

for driving a liquid crystal display device according to the

- static drive method. In the first e

bodiment, with a drive -

- logic signal circuit composed of an oscillation circuit. 4 and-

- a counter 5a, a square shaped logic srgnal havmg a fre- 5
~ quency of 400 Hz and a duty of 50% 1s applied to the PC

terminal. Results of experiments conducted by the inventors

- show that regardless of whether or not the drive logic signal
. synchronizes with other logic signals, the liquid crystal
~display device can be driven without abnormahty and dif-
ference. The output. of each gate circuit 2b is connected toan
~ input of a respective one of the switching devices 7. Each

switching device 7 is a CMOS driver which has a high

~ withstand voltage and is disposed as the last stage of the IC
3, with a data output of each swrtchmg device 7 be1ng-

connected to a respectwe data electrode.

~ The BLK terminal ; 18 connected through an inverter Sd o
afirst input of each of the plurahty of gate circuits 2a, each

-gate circuit 2a functioning as an AND circuit with an

inverter connected to the output of the AND circuit. The
output of each gate circuit 2a is connected to the second

15
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control signals can be generated by a computer These |

‘control signals are outputted through the SWltChmg devi lces B
-_7 to the respectwe data. electrodes L |

"The common electrode Cis supphed wrth the same dnve "

-j:logn: signal having a frequency of 400 Hz as the PC
- terminal. The resultant signal is sent to a buffer 8. The output - }
- signal of the buffer 8 drives totem pole connection circuits.

9a and 9b so as to switch a high voltage HV. Thus, a voltage

-applying circuit 10 which apphes the hlgh voltage HV to the
‘common electrode C is formed. | |

Next, with reference to FIGS 9 to 11 a second embod1—~ o

_nlent of the present invention will be descnbed as a drive .
~ circuit for the multiplex drive method. In this embodiment,

two common electrodes were used for two. groups of pixels

on a transmissive scattered. liquid crystal display device
" having 72 dots by 36 dots. To drive this liquid crystal display
device according to the multlplex drive method, 1296 data

electrodes and two common electrodes are required. Thus,

“each group of pixels contamed 1296 pixels, with all of the

o pixels in the first group. being connected to the first common

20 electrode and all of the pixels in the second group being

- connected to the second co

~input of a respecnve one of the gate circuits 2b. This BLK
- terminal, which is used to perform a blanking control, is =
connected to a blanking logic signal circuit for applying a

~ blanking designation logic signal. The blanking logic signal
circuit comprises counter 5b, which has an input terminal

25

connected to an output of counter 5a. Thus, the BLK signal -

| s synchromzed with the PC S1gnal In the first embodlment E

the mode of the liquid crystal display device is switched

~ between ON and OFF at intervals of around 2 seconds

These sw1tch1ng mtervals can be easﬂy changed

30

o The A terminal is a serial data input terminal, whlch is
_- connected to one input of a shift register 3a. This A terminal

- is connected to a display signal circuit which serially sends
- a d1splay signal in a log1c signal level from a latch 60 to the

'..-,'Shlft register 3a. _
" The CLK terminal is 2 clock srgnal input ternnnal Th1s

- 9,aPCte
-~ circuits 2b contained i in each of drive ICs Q1 through Q22,
~ with each gate circuit 2b functioning as an exclusive OR

mon electrode, and with cach of

the 1296 data terminals being connected to'a respectwe pixel
in the first group and a. respecnve pixel in the second group.
- 'The rnnlnplex drive method is- also referred to as Y2 duty
FIG 9 shows a cn'cu1t on. the data electrode 51de of the

N drive circuit according to the second embodiment. In this
embodunent each of drwe ICs Ql to QZZ 1s a pPDl6306 .

IC 3 of the first embodlment as ﬂlnstrated in FIG 8 InFIG.
inal is connected to each of the plnrahty of gate

- circuit for the respective drive path. This terminal is con-

35

- nected to a logic signal circuit which apphes a drive logic

.- signal for driving the liquid crystal d1Splay dewce accorchng

‘The B terminal of drive IC 3 is connected to the shlft'--_"ﬁ'

~ register 3a and to the A terminal of the next drive IC so that

- the shift registers act in concert. Each shift register 3a is

- provided with an R/L terminal which is used to designate the

direction of mput and output for the shift register 3a. In this -

construction, when the logic level of the R/L terminal

| _becomes “H”, the A terminal functions as an input terminal
~ and the B terminal functions as a serial output terminal. In

| ~ this manner, data can be senally sent to the adJacent drlve

o An STB tertnmal is connected through an 1nverter 3f 1o
the latch 3b. The latch 3b has parallel input terminals which
- are connected to parallel output terminals of the shift register
535
each output terminal of the latch 3b being connected to a

- second input terminal of a respective gate circuit 2a. The
senal data Thus data can be sent wrth serial srgnals

3a. The latch 3b also has a plurality of output terminals, with

45

o ‘1o the multlplex drive method..

 CLK terminal is connected to the latch 6b and through an - o
- inverter 3e to the shift register 3a. The clock signal syn-
- _chronlzes with the ser1a1 data supphed to. the A ternnnal

In the second embodiment, a sqnare shaped dnve log1c |
sztgnal with repettnve intervals of 8.34 msec was apphed
With this drive. logic s1gnal 1t 18 deternnned whether a

- positive voltage or.a negative voltage is apphed when a
‘relevant pixel lights. The blanking control is performed by
~ switching a supply voltage, rather than by the operation of
‘the drive ICs Q1 to Q22. Thus, the transmissive scattered

" liquid crystal display device can be driven with this simpler

- STB terminal 1s also connected to an output of latch 6b. =
'ROM 6a and latch 6b provide a STB signal to latch 3b to

o strobe the latch 3b to thereby latch the outputs of the shift
: .'regrster 3a whlch are belng supphed to the gate circuits 2a.

- In the first ernbodlment as an expenmental circuit, a
‘control signal was written to a ROM 6a. With a combination
- of the oscillation circuit 4 and the counter 5a, an address was

- accessed. Thus, another control signal was generated. The -
~control signal was synchronized by the counter 5b. The |

- | resultant SIgnal was connected to the dnve 1C- 3. These -ﬂSWﬂChes SW1 to SW8 ofthe SWItChlﬂg cn'emt 50 of FIG 10 _. -

. circuit construction. This point completely diff |
- - operation accordrng to the drive method of the EL dlsplay v
‘panel. In the case of the EL dtsplay panel since a very high

Sd “voltage is applied, a large circuit is requrred if the supply

" voltage is switched by an external circuit. Thus, in the case

. ofthe EL d1Splay panel the blanlﬂng control is perfonned by

"__the dnve ICs. -

60

In the second embod1n1ent of the 1nvennon the log1c level
of the logic signals is fixed to “L”. Terminals A, and A, are
input terminals for serial data. A CLK ternnnal is an input
terminal for a clock signal which synchromzes with the |

The voltages of the common electrodes C and C, are

_.controlled by a swnchmg circuit 50, shown in FIG 10. The
switching circuit 50 comprises analog switches SW1 to SW8
“and discrete devices, depending on the characteristics and
~drive method ‘of the transmissive scattered liquid crystal

display device. An insulated DC—DC converter 11 outputs

65 a+5 VDC. 51gnal V‘,_;,j._:,,1 for generaung a logic srgnal

FIG. 11 is a timing . chart showing operattons of the

ers from the
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and of the drive ICs Q1 to Q22. In the second embodiment,

as a control circuit, a control signal was written to a ROM
6a (sce FIG. 8). With a combination of an oscillation circuit
4 and a counter 5a (as shown in FIG. 8), an address was
accessed. Thus, another control signal was generated. The

- resultant signal was shifted to alevel of V__V,,,, by a photo

coupler. The resultant signal was supplied to the drive ICs

Q1 to Q22 (as shown in FIG. 9). The output terminals of
drive ICs Q1 to Q22 were connected to the data electrodes

o D, D,, D, etc. of the transmissive scattered liquid crystal
~ display device having 72 dots by 36 dots. Thus, the liquid

crystal display device could be driven according to the
multiplex drive method.

“According to the first and second embodiments of the

~ present invention, the space required by the drive circuit can

be remarkably reduced. For example, according to a con-
ventional static drive method, eight printed circuit boards
whose space was 40x30x30 cm’® were used. However,
according to the present invention, only one printed circuit

‘board whose space is 30x30x2 cm” is required.

- In addition, the number of parts can be decreased. For

- example, according to a conventional static drive method,

the number of parts of a circuit which drove a liquid crystal
display device with 24 dots by 24 dots exceeded 1000.

- However, with a static drive circuit according to the present

invention, the number of parts is 50 or less. On the other
hand, according to a conventional multiplex drive method,
the number of parts exceeded 2000. However, with a mul-
tiplex drive circuit according to the present invention, the
number of parts 18 100 or less. Thus, for both of the drive
methods, the reliability of the drive circuit is remarkably
improved since the number of parts can be remarkably

- reduced. In addition, the maintenance time need to correct a

defect can be shortened.

Next, with reference to FIGS. 12 to 17, a drive circuit

according to a third embodiment of the present invention
will be described.

FIG. 12 shows a drive circuit which causes each pixel of
a transmissive scattered liquid crystal display device to light.
The drive circuit of the third embodiment is particularly
useful where the liquid crystal display device is employed as

- a mask of a laser marker.

This drive circuit i1s a multiplex drive circuit comprising
a first common electrode C, and a second common electrode
C,. As shown in FIG. 14, this drive circuit drives pixels G,,
G,, G5, and G, of the liquid crystal display device. Each
pixel has a first electrode and a second electrode.. For the
illustrated pixels, the first electrode is the common electrode

C, or C,, while the second electrode 1s the data electrode D,
or D,. |

In the switching circuit 100 illustrated in FIG. 12,

switches SW1 to SW8 are so-called analog switches. For
example, the on-resistance R, and the operation time t, of

these analog switches are 60 ohms and 300 nsec, respec-
tively. The switches SW1 to SW8 operate corresponding to
operation signals S1 to S8 received from a circuit (not shown

-~ 1n FIG. 12). When one of the operation signals S1 to S8 is
~ turned on, the corresponding one of the switches SW1 to

SW8 is operated to a closed position across both terminals
thereof. When one of the operation signals S1 to S8 is turned
off, the corresponding one of the switches SW1 to SWS is
operated to its open position.

Switches SW9 to SW12 are photo MOS switches. The
on-resistance R, of these switches is 0.3 ochm, which is much
smaller than those of the analog switches SW1 to SWS8. The

o operation time t,, of the switches SW9 to SW12 is 1.7 msec,
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which 18 relatively large. Switches SW9, SW10, SW11, and

SW12 are disposed at the data electrode D,, the data

electrode D,, the common electrode C,, and the common
electrode C,, respectively. These switches are used to dis-
charge electric charges applied on these electrodes. The -
switches SW9 to SWI12 are operated by corresponding
operation signals S9 to S12 (which are received from a
circuit not shown in FIG. 12). When the operation signals S9
to 512 are turned on, the switches SW9 to SWI12 are
operated to their closed position across both terminals
thereof. When the operation signals S9 to S12 are turned off,
the switches SW9 to SW12 are operated to their open
position. The circuits which output the operation signals S1
to 512 can be easily formed of flipflops or the like.

- From a power supply circuit (not shown in FIG, 12), a

positive voltage +V as a signal V,,,, is supplied to a first
terminal of the switch SW1. The second terminal of the

switch SW1 is connected to a first one of the data electrodes

D, and D,. The second terminal of the switch SW1 is also
connected to the common electrode C, through the switch

SW3. In addition, the second terminal of the switch SW1is

connected to the common electrode C, through the switch
SW6. The first one of the data electrodes D, or Dois
grounded through the switch SW9 when switch SW9 1s 1n its.
closed position.

On the other hand, from the power supply circuit (not
shown 1n FiG. 12), a negative voltage —V as a signal V_ is
supplied to a first terminal of the switch SW2. The second
terminal of the switch SW2 is connected to the other of the
data electrodes D, and D,. In addition, the second terminal
of the switch SW2 is connected to the common electrode
C,through the switch SW4. Moreover, the second terminal
of the switch SW2 is connected to the common electrode C,,
through the switch SW7. The other data electrode D, or D,
1s grounded through the switch SW10 when switch SWIO 18
in its closed position. |

The common electrode C, is grounded through the switch
SWS when SW3 is in its closed position or through the
switch SW11, which is disposed in parallel with the switch

SW35, when SW11 is in its closed position. On the other '

hand, the common electrode C, is grounded through the
switch SW8 when SW8 is in its closed position or through
the switch SW12, which is disposed in parallel with the
switch SW8, when switch SW12 is in its closed position.

The 1nsulated DC—DC converter 90 outputs a+5 VDC as
a signal V,,, for generating a logic signal and applies this
51gnal o a power source (not shown) of a respective smtch.
1n switching circuit 100.

In this construction, voltages corresponding to the signals
S1 to S12 are applied to the common electrodes C, and C,

and the data electrodes D; and D,. Since the switching

circuit 100 of the liquid crystal display device accords with
so-called %2 bias drive method, when the absolute value of
the voltage across the two electrodes of a respective one of
the pixels G, to G, becomes twice the supply voltage V,
namely 2V, that plxel will operate and light. Thus, the pixels
G, G,, G;, and G, light.

After the pixels have been lit for a predetermined time,
namely, after a predetermined pattern has appeared and a
marking has been performed, the voltage supply should be
turned off and the pattern on the liquid crystal display device
should be switched at a predetermined display switching
time t, 7 This 18 because the lens of the laser marker should:
be travelled within the display switching time topy (see

elements (h) and () of FIG. 13).

However, before a pattern is written, the liquid crystal
display device should be satisfactorily discharged. Other-
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‘wise, the- previously written image may remain. In other

continue, thereby degrading the quality of the marking.

55712

-In the third embodiment, this problern is solved by the - '

o followrng manner. FIG. 13 shows a timing chart of the

‘operation signals S1 to S12. In the display interval t; to t

- the signal states are repeatedly changed wrth a pattern of (1)
- (2),3), and D). ' O

Waveforms (a) to (d) in FIG 15 are tumng charts showrng -
 the relation between voltage changes of the common elec-

" trodes C, and C, and the data electrodes D, and D, and the

' '. srgnals o | o |
The switching crrcult generates logrc srgnals -V (low

level) and (—V+5) volts (high level) correspondmg to the
- ‘input Signal V__.

corresponding to the signals V,,,, and V. are applied to the

(—V) and the signal V,,, (+5 volts).

~ According to the logic states of the logic signals, voltages 20

. are dnven

‘terminal of swrtch SW1 to the second common electrode CZ, |

 words, aresidual image of the previously written image may = and the switches SW7 and SW8 are opened (S7 and S8 are

turned off), thereby disconnecting the second common elec-

: trode C, from ground (see waveforms (), (f), and (g) of
- FIG. 13). Thus, the voltage +V is. applied to the second
- common electrode C, (see waveform (b) of FIG. 15). In
" addition, the voltage +V 1s apphed to the first data electrode

f:";Dl, whereas the voltage —V is. applied to the second data

:_ ~ state changes (1) to (4) of the operation 51gna1s ‘Waveforms
o (a) to (d) of FIG. 16 are timing charts showing the relatlon*_ o
- between voltage changes across the electrodes of the pixels

G; to G4 and the state changes (1) to (4) of the operauon-_ 15

 (see waveform (d) of FIG. 16). In other words, the state (2)

~electrode D, (see waveforms (c) and (d) of FIG. 15). Thus,
o the voltage dr..erence of the pixel G, which corresponds to o
" the second common electrode C, and the first data electrode -
D, becomes O V. Therefore, the state of the pixel G,

-'becomes the non—drsPlay state (see waveform (b) of FIG.
'16) 'The voltage difference of the putel G whrch corre-

data electrode D, becomes +2 V. Thus the prxel G, lights

- of the operation srgnals accord with the d15play region of the
~second common electrode C,. In this region, the pixels G,

 data electrodes D, and D,, respectively. In this circuit, where

- one signal (for examPle Vppy) is applied to one data -..(2) is set to, for example 4.17 msec. When a DC voltage is
~ electrode (for example, D), the other srgnal (V, )should be

- applied to the other data termrnal (D5).

Next, with reference to FIGS. 12 to 16, the operatron wrll |
. be described. In a non-display region, from t_ to the next
o ‘where no image is displayed, the signal state
~.is (0) as shown in FIG. 13. This signal state will be described

- later in detail. When the display switching time Togp |
- elapsed from the former. display end time t, to the next_:’3_q
subsequent time t,, the signal state becomes (1) and the

:" - display state starts. The dlsplay swrtchmg trme TOFF 1s set

~ subsequent t_,

to, for example, 20 msec

 After the time t,, the operatron srgnals Sl and SZ are --__35_
- turned on so as to apply a voltage to each electrode. Thus,

. both of the switches SW1 and SW2 for supplying voltages - "
~are in Their closed posrtron (see waveform (a) of FIG. 13).

- In addition, the operation signals S9 to S12 are turned off S0 s applred to the first data electrode D,, whereas the voltage

_ that each of the switches SW9 to SW12 is in its opened ,
- position, after havrng drscharged the electric charge oneach

' and G, correspondlng to the second comrnon electrode C2'_

The plus field t, of the reglon of the srgnal states (1) and

- applied to the liquid crystal display device, an electrolysis
takes place. Thus, the life of the liquid crystal drsplay device

~ may be shortened. To prevent this problem, in the minus
- field t_ of the region of .the signal states (3) and (4), the

. voltages apphed o the data electrodes D and D2 are

1nverted
In the regron of the s1gnal state (3) the sw1tch SW4 18

closed (S4 is turned on), thereby connectmg the second
- -terrmnal of switch SW2 to the first common electrode C,,

| "'_and the switches SW3 and SW5 are opened (S3 and SS are

~ pixel electrode, so as to prevent each electrode from being

~ grounded at the same time (see waveform (i) of FIG. 13).

- ,closed (S3 is turned on), thereby connectrng the second
 terminal of switch SW1 to the first common electrode C,
 and the switches SW4 and SWS5 are Opened (54 and S5 are
| ff), thereby disconnecting the first common elec-
. trode C from ground (see waveforms (b), (¢), and (d) of

.~ FIG. 13) Thus, the voltage +V is applied to the first common

~ the voltage —V is applied to the second data electrode D,

difference of the pixel G, which corresponds to the first

-becomes 0 V. Thus, the state of the- plxel G, beco

non-display state (see waveform (a) of FIG. 16) The voltage tumed off), thereby disconnecting the second common elec-

turned off), thereby drsconnectrng the first common elec-
trode C, from the second terminal of swrtch SW1 and from

| ground (see waveforms (b), (c), and (d) of FIG. 13). Thus,.

~ the voltage ~V is applied to the first common electrode C, ;
. (see waveform (a) of FIG. 15): In addrtlon the voltage —V'

+V is applied to-the second data electrode D, (see wave- -

- forms (c) and (d) of FIG. 15). Thus, the: Voltage difference
~-across the termmals of the pixel G, which corresPonds to the

= first common electrode C, and the first data electrode D,
In the regrou of the signal state (1), the switch SW3 is

45

S electrode C, (see waveform (a) of FIG. 15). In addition, the

voltage +V is apphed to the first data electrode D,, whereas_' L

becomes 0 V. Therefore, the state of pixel G; becomes the |
‘non-display state (see waveform (a) of FIG. 16) The voltage
. difference across the ternnnals of the prxel (G; which cor-
__ _-.respond to the first common electrode C, and the second
~ data electrode D, becomes —2 V. Thus, the pixel G3 lights
. (see waveform (c) of FIG. 16). In other words, the state (3)
~of the operatron s1gnals accords with the drsplay region of
the first common electrode C,. In this region, the pixels G,
_"--a,nd G, correspondmg to the ﬁrst common electrode CI are
o ”3._'dr1ven __ .. LT

- (see waveforms (c) and (d) of FIG. 15). ‘Thus, the voltage
55
 common electrode C,. and the first data electrode D,
1es. the'

In the regron of the srgnal state (4) the swrtch SW7 is

closed (S7 is turned on), thereby connectmg the second
- terminal of switch SW2 to the second common electrode C,,

- and the switches SW6 and SW8 are opened (S6 and S8 are

difference of the pixel G, which corresponds to the first -

‘common electrode C, and the second data electrode D,

“becomes +2 V. Thus, the pixel G5 lights (see waveform (c)

~of FIG. 16). In other words, the state 1) of the operatlon __
- signals accords with the display region of the common

spondmg to the ﬁrst common electrode C, are dnven
In the region of the signal state (2), the swrtch SW6 is

- ) ._closed (SG 18 turned on) thereby connectrng the second

- trode C, from the second. terminal of switch SW1 and from
- ground (see waveforms (e), (), and (g) of FIG 13) Thus,
- the voltage —V is apphed to the second common electrode
- C, (see. waveform. (b) of FIG. 15). In addition, the voltage
o --V 18- apphed to the first data electrode Dl, whereas the

~ electrode C,. In this region, the pixels G, and G, corre- “voltage +V is applied to the second data electrode D

~waveforms (c) and (d) of FIG. 15). Thus, the voltage
difference across the terminals of the pixel G, which cor-

, (see

E responds to the electrodes C and D becomes 0 V There-_
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fore, the state of pixel G, becomes the non-display state (see
waveform (b) of FIG. 16). The voltage difference across the
terminals of the pixel G, which corresponds to the elec-

trodes C, and D, bccomes —2 V. Thus, the pixel G, lights

(sce FIG. 16 (d)) In other words, the state (4) of the
operation signals accord with the display region of the
common clectrode C,. In this region, the pixels G, and G,
corresponding to the common electrode C, are driven. The
minus field t_of the region of the signal states (3) and (4) is
set to, for example, 4.17 msec as in the plus field ¢,.

- The above signal states (1) to (4) are repeatedly changed.
Thus, each pixel lights. When time t, has elapsed, the
display stop process is execuied.

In other words, in the signal state (0) of the non-display
region from t, to the next t, after the time t he operation
signals S1 and S2 are turned off so as to shut off the voltage
supply route to each eclectrode. Thus, both of the voltage

- supply switches SW1 and SW2 are in their opened position

(see waveform (a) of FIG. 13). In addition, within the
display switching time t, g, any electric charges applied to
the common electrodes C, and C, and the data electrodes D,
and D, are discharged. Thus, the voltages of the electrodes

- C,,C,, Dy, and D, become identical so that a residual image

does not remain in the next display operation.

In other _wordﬁ, the operation signals S5 and S8 are turned
on, thereby connecting each of the common electrodes C,
and C, to ground, and the operation signals S9 to S12 are

- turned on, thereby connecting each of the data electrodes D,

and D, and the common electrodes C, and C, to ground (see
wavetorms (d), (g), and (i) of FIG. 13). Thus, both of the
switches SW5 and SW8 for discharging the electric charges
on the common electrodes C, and C, are closed, whereas all
of the switches SW9 to SW12 for discharging electric

- charges on the data electrodes D, and D, and the common

electrodes C, and C,, are closed. Therefore, the elecirodes
D,, D,, C,, and C, are grounded at the same time.

As described above, the switches SW9 to SW12 which are

-photo MOS switches have a very low on-resistance R,

Thus, while electric charges are being discharged, the time
constant CR, becomes very small (where C is static capaci-

- tance). Thus, electric charges are quickly discharged. There-

fore, an image can be displayed at a high speed. Even if the
display switching time t, g becomes as short as 20 msec,
electric charges can be satisfactorily discharged within this

- time. Thus, since the voltages of the common electrodes

become the same as those of the data electrodes, a residual
image can be effectively prevented.

In addition, a photo MOS switch has a characteristic
where the on-resistance R, is disproportional to the opera-
tion time t,. Thus, with the switches SW9 to SW12 having

- long operatmn time t, and small on-resistance R, electric

charges ar¢ more qmckly discharged. Therefore, a residual
image can be more effectively prevented. The operation time

't, of the switches SW9 to SW12 is at most 1.7 msec. Thus,

this operation time does not significantly affect the display
switching time t,z- which is around 20 msec.

On the other hand, when only switches SW5 and SWS,

~~ which are analog switches, are used, the operation time t, is
~as fast as 300 nsec. However, since the on-resistance R, is

very large, electric charges are not satisfactorily discharged

~within the short display switching time. Thus, a residual

image may take place. Therefore, this construction is
improper for a high speed marking. However, this construc-
tion 1s sufficient to a low speed marking. Thus, with a
switching circuit 101 according to a fourth embodiment as

' shown in FIG. 17, with only the switches SW1 to SW8
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14 -
(omutting the switches SW9 to SW12), electric charges are
discharged. Thus, a residual image can be prevented.

- When the switches SW5, SWS8. SW9. and SW10 shown
in FIG. 12 are devices with a fast operation time and small

on-resistance, the switches SW11 and SW12 which are
disposed in parallel with the switches SW5 and SW8 can be
omitted. In this case, the switches SW5, SW8, SW9, and
SW10 which have a fast operation speed can be used in the
display interval from t; to t, since the signal state is changed
at half interval of 4.17 msec. On the other hand, as the
switches SW5, SW8, SW9, and SW10 have a small on-
resistance, a high speed switching operation can be per--
formed in the non-display interval from t, to the next
subsequent {.. |

According to the third and fourth embodiments, evenifa
liquid crystal display device is switched at high speed, a
residual image can be effectively prevented. |

Reasonable variations and modifications are poss1ble
within the scope of the foregoing description, the drawings
and the appended claims to the invention.

We claim:

1. A circuit for operating a transmissive scattered liquid
crystal display device, said circuit comprising:

a transmissive scattered liquid crystal display device

having a plurality of pixels, each of said pixels having.
a common terminal and a data terminal, a first common_
-electrode connected to the common terminal of each of
a first group of said plurality of pixels, a second
common electrode connected to the common terminal
of each of a second group of said plurality of pixels, and
a plurality of data electrodes, each of said data elec-
- trodes being connected to the data terminal of a respec-
tive one of the pixels in each of said first and second
‘groups of pixels;
a shift register;

a display signal circuit for serially sendmg a display
signal with a logic signal level to said shift register;

a plurality of gates, each of said gates functioning as an
exclusive OR circuit, each of said gates having an input
adapted to receive a signal from said shift register;

a plurality of switching devices, each of said switching
devices having a withstand voltage which is higher than
said logic signal level, each said switching device
having an input connected to an output of a respective
one of said plurality of gates, each said switching
device having a data output, the data output of each
switching device being connected to a respective data
-electrode of said transmissive scattered liquid crystal
display device; |

wherein each gate and the switching device to which it is.
connected constitute, along with said shift register, a
drive path, each drive path being formed as part of an
1C; |

a logic signal circuit for applying to a first input of each
of said plurality of gates a logic signal for designating

the plus and minus of a voltage applied to said liquid.
crystal display device;

a switching circuit connected to said first and second
common electrodes of said transmissive scattered lig-
uid crystal display device, thereby multiplex-driving
said transmissive scattered liquid crystal display
device.

2. A circuit in accordance with claim 1 havmg a plurality -

of ICs, each of said ICs comprising a shift reg1ster and a
- plurality of said drive paths.
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3. A circuit in accordance with claim 2, wheretn a respec-

~ tive drive path cooperates with said switching circuit to
“apply a voltage corresponding to a drive command between
- the common terminal of a pixel and the data terminal of that
- pixel so as to cause that pixel to light and to turn off said
~_drive command in a predetermined display swnchlng t1me |

50 as to switch the dtsplay of that pixel;

5532712

| wherem each common electrode is connected to-a respec— o

 tive first sw1tch each first switch havmg
‘on-resistance; -

small' :
10

: wheretn each data electrode is connected to 2 respectwe- .
~second  switch, each second switch havmg a small: |

- 0n-1¢ S1 StﬂHCE

wherem sa1d first -and second swnches are adapted to. is'

d1scharge electric charges apphed on the common
~electrodes and the data electrodes in a predetenrnned- |

- discharge time;

"saJd first and second smtches be1ng closed when sald
20 -

dnve commangd is turned off so that the voltages of the

common terminals and the data terminals of the p1xels |

~ become identical, thereby preventing a residual image
-~ of said hqmd crystal display device from taking place.

4. A circuit in accordance with claim 3, wherein each of = '

25
5. A circuit in accordance with claim 1, wherein a respec-.'

: ffsatd first and second switches is a photo MOS switch.

~ tive drive path cooperates with said switching circuit to .

~apply a voltage corresponding to a drive command between
~ the common terminal of a pixel and the data terminal of that
~ said first and second switches bemg closed when said

pixel so as to cause that pixel to light and to turn off said

~ drive command in a predetermined dtsplay sw1tch1ng ttme"
SO as to switch the display of that pixel; | |

- wherein each common electrode is connected to a respec- :

tive first swrtch each ﬁrst sw1tch havmg a small
| on-re51stance S |

~ wherein each data electrode is connected toa respectwe

3'5

second switch, each second sw1tch having a small .

on—resrstance

- wherein said ﬁrst and second sw1tches are adapted to_-'
- discharge _electnc charges applied on the common

16

electrodes and the data electrodes 1n a predeternnned .

d1scharge time;

.sa1d first and second switches. bemg closed when said '
drive corrtrnand is turned off so that the voltages of the
" common terminals and the data ternnnals of the pixels -

become identical, thereby preventing a residual image '

- of said liquid crystal dlsplay device from takmg place.

6. A drive c1rcu1t for use with a transnnsswe scattered |

liquid crystal display device havmg a pluraltty of pixels,

- each of said pixels having a common. terminal connected to
a common electrode and a data terrntnal connected to a data -

electrode | |
Sﬂld drive cm:mt being adapted to apply voltages corre-

- sponding to a drive command between the common

_terminal of a ptxel and the data ternnnal of that ptxel SO
as to cause that plxel to ltght | |

' f_sa1d drive c1rcu1t being adapted to tum oﬂ’ sald dnve

command ina predetermined dtsplay swuchlng time so
‘as to switch the d1splay of that plxel

switch havmg a small on—reststance

wheretn each data electrode 18 connected to- a second

- switch having a small on-re31stance

_wheretn eaeh common electrode is connected to a ﬁrst |

~ wherein said first and second sw1tches are adapted to

discharge electnc charges applied on the common

terminals and the data ter

1nals in-a. predetenmned
dtscharge time; | |

~drive command is turned off so that the voltages of the

- common terminal and the data- terminal of each pixel

~ become identical, thereby preventmg a residual i image
. of said ltqutd crystal display device from taking place.

- 7. A drive circuit ‘in accordance with clann 6, wherein
each of said first and second swnches 18 . a photo MOS |

sw1tch
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